The Crystallographic data of the α-DIPAB sample was measured using powder X-ray diffraction (PXRD). The crystal structure was also optimized using density functional based method. The calculations were performed both including van der Waals (vdW) interactions and excluding them to quantify the effects of vdW interaction on the crystal formation. The vibrational modes of DIPAB crystal corresponding to the Bromine deficient samples are calculated and presented. These show the origin of drastic change in dielectric response in Br deficient samples as compared to the ideal stoichiometric DIPAB crystal (Alsaad et al. 2018) [4]. Optical properties of an idealα-DIPAB were calculated using GGA and HSE06 hybrid functional methods implemented in VASP package. We mainly calculated the real and imaginary parts of the frequency-dependent linear dielectric function, as well as the related
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Specifications Table

Subject area
Physics, Chemistry More specific subject area
Molecular Ferroelectric Crystals
Type of data Table, (x-ray diffraction), graph, figure How data was acquired
The crystallographic data of the α-DIPAB sample was measured using powder X-ray diffraction (PXRD).The crystal structure was also optimized using density functional based method. The calculations were performed both including van der Waals (vdW) interactions and excluding them to quantify the effects of vdW interaction on the crystal formation. The vibrational modes of DIPAB crystal corresponding to the Bromine deficient samples are calculated and presented using density functional based theory. Optical properties of an ideal α-DIPAB were calculated using GGA and HSE06 hybrid functional methods implemented in VASP package.
Data format Raw data is analyzed Experimental factors
Theα-phase diisopropylammonium bromide (α-DIPAB) was synthesized by the direct reaction of diisopropylamine (99.5% DIPA, Acros Organics) with hydrobromic acid (47-49% HBr, Fisher). Both reagents were used without further purification. Briefly, in a typical reaction, 4 mL of HBr was rapidly added to 5 mL of DIPA in an open beaker chilled in an ice bath. Upon addition, white precipitate immediately formed. Once the mixture cooled down, 70 mL of dry methanol (99.9%, Fluka) was used to re-dissolve the white powder with vigorous stirring and heating to 30°C. The methanol solution was placed in a freezer to recrystallize the product overnight. The obtained long, needle-like crystals were then separated from the solution and dried in a convection oven at 50°C for 1.5 h. Finally, to produce pure α-DIPAB products, 0.5 g of the white crystals were annealed in a commercial microwave oven operated at 700 W for 15 s, resulting in a fine white powder.
Experimental features
The crystal structure of theα-DIPAB sample was assessed using powder X-ray diffraction (PXRD). The Cu Kα source of the diffractometer (PANalytical Empyrean) has an average wavelength of 1.544 Å. The FT-IR spectrum of the sample was obtained using a Thermo Nicolet Avatar 380 FT-IR with a Smart Performer ATR accessory and a zinc selenide crystal. The Raman spectroscopy was performed using a DXR Raman microscope (Thermo Scientific) with a 532 nm laser. The dielectric property and loss tangent measurements of pelleted α-DIPAB samples were performed using a home-made resonant cavity at 2. 
Value of the data
The data represents experimental preparation and characterization of α-DIPAB samples. We present the details of chemical preparation of the samples, crystallographic data and vibrational modes of an idealα-DIPAB polar crystal, as well as, those of Br-deficient DIPAB.
Optical properties data of an ideal α-DIPAB is reported using DFT-based calculations. Specifically, GGA and the hybrid HSE06 functionals were used in obtaining the real and imaginary parts of the frequency-dependent linear dielectric function, as well as therelated quantities such as the absorption, reflectivity, energy-loss function, and refractive index of α-DIPAB in the energy window of (0-12) eV.
The PXRD spectra suggest overall excellent crystallinity. However, the vibrational spectra, investigated by FT-IR and Raman spectroscopy, indicate the presence of Br disorder. Our DFT-based calculations show that Br vacancies drastically alter the strength and nature of crystal bonding, as well as vibrational spectra and dielectric constant of the material.
Our data offers an open invitation for other researchers from chemical and physical communities who are interested in molecular ferroelectric crystals, in general, and DIPAB crystal, in particular, to collaborate to dig deeper into structural, chemical and physical properties of this novel polar molecular crystal.
As a result, we believe that our data could be potentially used for designing future experiments and that our theoretical model could serve as a benchmark for future computational models that could be used to initiate new experiments on α-DIPAB crystal.
We found an excellent agreement between experimental data and computational data on structural, dielectric and lattice dynamical properties of α-DIPAB.
Data
The data set used in this Data Brief article involves the crystallographic data of α-DIPAB molecular ferroelectric crystal obtained using XRD-derived structural parameters as the initial structure in our ab initio calculations (see Table 1 ).The powder x-ray diffraction (PXRD pattern indicates that the α-DIPAB sample has an overall excellent crystallinity (see Fig. 1) ).The crystal structure of DIPAB obtained by PXRD agrees well with the previously reported data [1] [2] [3] . However, our analysis of FT-IR and Raman vibrational spectra of α-DIPAB suggests the presence of disorder in the synthesized crystals as indicated by the presence of broad features in the Raman spectrum (See Fig. 1(c) and (d) in Ref. [4] ). We have used the first-principles based vdW þ DF2 calculations to pinpoint the vibrational modes in the Raman spectra and examined the ones due to Br-disorder. Our computational data reveals the strong dependency of dielectric constant of α-DIPAB on the bromine (Br) deficiency. Furthermore, including the van der Waals forces in our DFT-based calculations have a slight effect on the structural parameters and causing a small shift in the vibrational frequencies. Our Raman spectra and DFT-based data indicate that vibrational modes of the DIPAB crystal in the Raman spectrum were driven by covalent bonding in the DIPA molecules and hydrogen bonds.The Br-mediated hydrogen bond is strong and stabilizes α-phase. correspond to twisting/rotation of the molecules as shown in Fig. 2 . The changes in C-N-C angle and the corresponding shift of hydrogen atoms in this mode change the electric polarization of the molecules. DFT calculation show very good agreement with experimental structure both when vdW interactions were included and omitted. Taking vdW interaction into account increases the calculated lattice parameters up to 2%, as well as results in shift of the vibrational modes to larger wave number (See Figs (c-f) of Ref. [1] ). The relatively modest effect of vdW interactions is due to the strong hydrogen bonds between Br and H atoms of DIPA molecules. These hydrogen bonds manifest themselves in the narrow peaks in the vibrational spectra with relatively high intensity. The removal of Br from the crystal results in disappearance of the above modes, while the lower wave number modes appear showing significantly higher rotational mobility of DIPA molecules in the crystal.
Optical properties of α-DIPAB
Figs. 3-9 display optical properties of the α-DIPAB crystal calculated using the GGA and HSE06 hybrid functional methods. We have investigated the real and imaginary parts of the frequencydependent linear dielectric function, as well as therelated quantities such as the absorption, reflectivity, energy-loss function, and refractive index of α-DIPAB in the energy window of (0-12) eV. Because the (0-12) eV photon energy range is sufficient to enrich our understanding of the spectral behavior of the optical functions, we have limited our investigation of the optical properties in this range. Figs. 3 and 4 show the real and imaginary parts of the dielectric function as a function of the photon energy. Since the optical spectra have been analyzed for a wide photon energy range, Table 2 The vibrational frequencies that appear in ideal DIPAB (with Br bonds) and vibrational frequencies that appear after Br is removed. the spectra contain two major peaks that occur at~5 eV and~8 eV which correspond to electronic transitions from the valence band of N and C atoms to the conduction bands of Br atoms. By analyzing Figs. 3-9, we found that the (0-4) eV photon energy range (using GGA method) and the (0-6) eV (using HSE06 hybrid functional method) are characterized by high transparency, no absorption (see Fig. 5 ), and small reflectivity (see Fig. 6 ). The calculated static dielectric constant ε 1 (ω ¼ 0Þ of α-DIPABis found to be1.75 (2.00) using the GGA (HSE06) method. As can be seen from Fig. 5 , the absorption band of α-DIPAB starts at photon energy of 5 eV as predicted using GGA method and at 6 eV as calculated by HSE06 hybrid functionals. Above this absorption edge, the absorption peaks occur at 7 eV (9 eV) and 10 eV (11.5 eV) using the GGA (HSE06) method. Furthermore, α ω ð Þ is shifted up to higher energy when calculated using the HSE06 hybrid functional. The ultraviolet-shift of the optical absorption peaks obtained by using the HSE06 hybrid functional method compared to those obtained using the GGA method indicates that the α-DIPABcould be used as a potential candidate in optoelectronic devices operating in the high energy range. Interestingly, α-DIPAB exhibits absorption coefficients that are of the same order of magnitude of TaO1 −x N 1 þ x -based alloys [5] . Fig. 5 also indicates that incident light with energy less than 6 eV is not absorbed. On the other hand, incident light in energy range 6 r E r 12 eV is being absorbed. The steepest rise in α ω ð Þ corresponds to the optical band gap occurs at~5 eV (using GGA method) and at~6 eV (using HSE06 hybrid functional method). The absorption coefficient, α(ωÞ, is related to the extinction coefficient κ by the following formula: α ¼ 4πκ=λ, where λ is the wavelength. Therefore, the extinction spectra ofα-DIPAB follow a similar spectral behavior to those of the absorption spectra as could be seen by comparing Figs. 5 and 9. Fig. 6 shows that α-DIPABexhibits a reflectivity that is about an order of magnitude less than the reflectivity of TaO 1−x N 1 þ x -based alloys [5] . As can be seen from Fig. 6 , the reflectivity R ω ð Þ spectra exhibit two obvious reflection peaks located at 6 eV (8 eV) and 9 eV (11 eV) as obtained using the GGA (HSE06) method. The interband transition occurred mainly in the energy range of 8 eV~9 eV (10 eṼ 11.5 eV) as predicted by GGA and (HSE06) methods, respectively. The sharp maxima in the energy-loss function L(ωÞ shown in Fig. 7 are associated with the existence of plasma oscillations ℏω p . Obviously, the calculated energy-loss function ofα-DIPAB indicates mainly sharp maxima peak at 15.82 eV. The peak value of volume loss, 15.82 eV, coincides with the zero value of the real part of the dielectric function. The inset in Fig. 7 shows the energy-loss spectrum calculated using the GGA and HSE06 methods in the energy range of (0-12) eV. Clearly, α-DIPABexhibits zero energy loss in the range (0-6) eV and negligible energy-loss in the energy window (6) (7) (8) (9) (10) (11) (12) eV. This result suggests that α-DIPABcould be used in devices that require minimal energy-loss. Optical transmission measurements can reveal information about the electronic band structure, fundamental optical band gap, and absorption from ionic lattice and molecules [6] [7] [8] [9] [10] . To obtain high transparency over an extended wavelength range, materials with low lattice resonance and high energy band gaps are required. Dielectric materials usually have large band-gap energy and only high energy light can excite the electronic structure. Because, the band gap of α-DIPABis~(5-6) eV, this dielectric material tends to be transparent throughout the visible range. However, in the infrared range, the electromagnetic wave energy can excite the molecular vibrations and there can be an intrinsic absorption. Fig. 8 shows the real part of the refractive index nðωÞ as a function of the photon energy. The maximum value obtained at the edge of the optical band gap is 1.59 (1.69) using the GGA and (HSE06) method. The static refractive index nðω ¼ 0Þ of P2 1 DIPAB is found to be 1.32 (GGA) and 1.42 (HSE06). Therefore, α-DIPAB has the potential to be used as a covering layer for several applications. The extinction coefficient κðωÞ refers to several different measures of the absorption of light in a medium. It is closely related to the absorption function. From Fig. 9 , one can see that the maximum value of κðωÞ of α-DIPABis 0.6 using GGA and 0.5 (using HSE06). This indicates an increase of the absorption of light for a given energy in polar phase of DIPAB. The maximum absorption occurs when a photon carries energy of about 9 eV is incident. This result paves the way for designing optoelectronic devices that work effectively at this value of energy.The main source of disagreement between optical results obtained using GGA and HSE06 hybrid functional is that the hybrid functional is based on screened coulomb potential and converges more rapidly with respect to the number of k-points as compared with GGA method. We recommend using HSE06 hybrid functional in calculating the optical properties of α-DIPAB.
Vibrational frequencies with Br bonds (cm
Experimental design, materials and methods
The crystal structure of the α-DIPAB sample was assessed using powder X-ray diffraction (PXRD). The CuKα source of the diffractometer (PANalytical Empyrean) has an average wavelength of 1.544 Å. The FT-IR spectrum of the sample was obtained using a Thermo Nicolet Avatar 380 FT-IR with a Smart Performer ATR accessory and a zinc selenide crystal. The Raman spectroscopy was performed using a DXR Raman microscope (Thermo Scientific) with a 532 nm laser. The dielectric property and loss tangent measurements of pelleted α-DIPAB samples were performed using a home-made resonant cavity at 2.45 GHz.
Theoretical modeling of α-DIPAB molecular crystals
Density functional theory [11, 12] calculation of ideal and Br-deficient DIPAB crystal structures were used to calculate vibrational modes of the crystal. The projector augmented wave (PAW) method implemented in the VASP [13] with the Perdew-Burke-Ernzerhof (PBE) functional [14] for the exchange-correlation functional the cut-off energy is 400 eV and a 4×4×4 Monkhorst-pack grid. The atomic positions were relaxed with the Hellmann-Feynman forces o0.003 eV/Å. We applied a version of the van der Waals density functional (vdW-DF2) by Dion et al. [15] which employed a more accurate semi-local exchange functional and the use of a large-N asymptote gradient correction in determining the vdW kernel [16, 17] . We used the GGA [18] and hybrid functional HSE06 [19] methods to calculate the optical properties of α-DIPAB. 
